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Aquaculture/ Original Article
Performance of common 
snook subjected to different 
feeding frequencies and rates 
using automatic feeders
Abstract – The objective of this work was to evaluate the growth performance 
of common snook (Centropomus undecimalis) subjected to different feeding 
rates and frequencies using automatic feeders. Two experiments of 60 days 
each were carried out. In the first one, 20 fishes per tank were distributed 
in three feeding rates of: 5, 10, and 15% body weight per day. In the second 
experiment, 20 fishes per tank were distributed in nine tanks, in three 
feeding frequency: once a day, three times a day, and six times a day. Water 
parameters were maintained at the recommended level for the species. Final 
weight, body weight gain, specific growth rate, and feed conversion rate did 
not differ significantly between the 10 and 15% feeding rates. However, both 
rates differed from the 5% one. The feeding frequency of six times a day 
resulted in better values for final weight, final biomass, body weight gain, 
and specific growth rate. Therefore, common snook fingerlings should be fed 
at the feeding rate of 10% body weight per day, six times a day, in order to 
achieve the best growth performance. 
Index terms: Centropomus undecimalis, automatic feeders, feeding 
management, mariculture, precision aquaculture, recirculation system.
Desempenho do robalo-flecha submetido a 
diferentes frequências e taxas de alimentação 
em alimentadores automáticos
Resumo – O objetivo deste trabalho foi avaliar o desempenho do robalo-
flecha (Centropomus undecimalis) submetido a diferentes taxas e frequências 
alimentares com o uso de alimentadores automáticos. Dois experimentos, com 
duração de 60 dias cada um, foram realizados. No primeiro, 20 peixes por 
tanque foram distribuídos em três taxas alimentares de: 5, 10 e 15% de peso 
vivo por dia. No segundo experimento, 20 peixes por tanque foram distribuídos 
em nove tanques e em três frequências alimentares de: uma vez, três vezes e 
seis vezes ao dia. Os parâmetros de qualidade da água foram mantidos dentro 
da faixa recomendada para a espécie. A massa final, o ganho de peso diário, a 
taxa de crescimento específico e a conversão alimentar não diferiram entre as 
taxas de alimentação de 10 e 15%. Entretanto, ambas as taxas diferiram da de 
5%. A frequência de seis vezes ao dia resultou em maiores valores de massa 
final, biomassa final, taxa de crescimento específico e ganho de peso diário. 
Portanto, formas jovens de robalo-flecha devem ser alimentadas à taxa de 
10% do peso vivo por dia, com frequência alimentar de seis vezes ao dia, para 
alcançar o melhor desempenho quanto à taxa de crescimento.
Termos para indexação: Centropomus undecimalis, alimentadores automáticos, 
manejo alimentar, maricultura, aquicultura de precisão, sistema de recirculação.
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Introduction
Common snook (Centropomus undecimalis) has been 
widely studied in marine and estuary areas. Besides 
the fish rusticity, and the decline of its stock in nature, 
its high-market value justify the interest in this species 
studies (García-Galano et al., 2003; Sanches et al., 
2013; Passini et al., 2014). According to Alvarez-
Lajonchère & Taylor (2003), common snook is a 
gregarious species that can reach over 1 m long and 
25 kg weigh, being therefore suited for recreational 
fishing. Considering that it is a euryhaline species, 
common snook can be produced in shrimp farms, in 
estuarine areas in Northeastern Brazil (Sanches et al., 
2014b). Many studies have addressed the issues of 
reproduction and larviculture (Ferraz & Cerqueira, 
2010; Ibarra-Castro et al., 2011; Passini et al., 2014), 
enabling advances in the production of juveniles. 
However, little knowledge is available on feeding 
management practices, within recirculating seawater 
systems, where environmental variables influencing 
growth can be controlled (Kodama et al., 2011; Sanches 
et al., 2014a).
A basic premise of a species cultivation is a feeding 
protocol aimed at: improving productive performance 
and survival; reducing feed conversion ratio and 
heterogeneity; and contributing to minimal food waste 
(Aydin et al., 2011; Al Zahrani et al., 2013). However, 
information are still scarce as to the amount of feed 
that can lead to excess, causing deterioration of water 
quality, increasing the amount of wastewater released 
to the environment, and lowering environmental 
sustainability of the cultivation (Kasiri et al., 2011).
Both feeding rate and frequency should be 
considered for a better expression of zootechnical 
performance of fish. However, these parameters 
can vary according to the species, age, and water 
temperature (Rosenlund et al., 2004). Some studies 
have reported that a higher-feeding frequency can 
improve fish productive performance. Zhou et al. 
(2003) tested five feeding frequencies (2, 3, 4, 12, 24 
meals a day) in juveniles of Carassius auratus gibelio, 
and concluded that the optimal feeding frequency for 
the species is 24 meals a day. Sousa et al. (2012) also 
observed good results in using higher frequencies, 
and concluded that increasing the number of meals 
improves feed distribution, reduces competition for 
food, and provides a greater batch uniformity and 
fish weight. Cunha et al. (2013) assessed the effect of 
feeding rates and feeding frequencies on the growth 
of pompano (Trachinotus marginatus), and concluded 
that 8% rate (live weight), offered in eight meals, 
improved the productive performance. Higher-feeding 
rates led to higher-food conversion efficiency, whereas 
lower rates affected growth negatively.
Higher-feeding frequencies can worsen food 
conversion, and deteriorate water quality, reducing 
the profitability of the activity (Booth et al., 2008). 
Both low- and high-feeding frequencies could result 
in growth retardation, poor feed efficiency, decreased 
intestinal enzyme activities, and low IGF-I expression 
in blunt snout bream juvenile Megalobrama 
amblycephala (Tian et al., 2015). Therefore, the proper 
use of feeding regimes is an efficient way to reduce 
costs  and improve fish growth (Lee & Pham, 2010; 
Lawrence et al., 2012). Feeding frequency may also 
play a role in mediating aggression and cannibalism 
(Manley et al., 2015; Ribeiro et al., 2015).
Besides being scarce, studies on the growth of 
common snooks – both in experiments and commercial 
production – report only feeding frequencies from 
once to twice a day (Tsuzuki & Berestinas, 2008; 
Ramos et al., 2012; Sanches et al., 2014a; Moreira 
et al., 2015). Even scarcer are studies that address 
the use of automatic feeders for tropical marine fish 
farming. Automatic feeders allow of feed supply to be 
delivered at regular quantities and intervals, resulting 
in a greater accuracy and efficiency in its distribution, 
specially with greater number of meals.
The objective of this work was to evaluate the growth 
performance of common snook subjected to different 
feeding rates and frequencies using automatic feeders.
Materials and Methods
Two experiments were sequentially carried out with 
captive-bred juveniles of common snook. In the first 
one, 20 fish (1.71±0.18 g, and 5.9±0.2 cm total length) 
per tank were randomly distributed in treatments of 
three feeding rates, with three replicates: 5, 10, and 
15% body weight per day. The second experiment also 
used 20 fish (1.19±0.47 g and 4.7±0.8 cm total length) 
per tank, which were randomly distributed in three 
feeding frequencies, with three replicates: once a day, 
three times a day, and six times a day.
A commercial feed was offered with centesimal 
composition made by the manufacturer with: 41.8% 
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crude protein, 8.75% ether extract, 6.77% ash, and 
1.96% crude fiber. Feed particle size had 1–2 mm 
diameter. Each tank received an automatic feeder 
unit (Soma Ltda., Sun Sun, Xangai, China) with 50 g 
storage capacity. In the feeding rate experiment, fishes 
were fed three times a day (at 9:00, 12:00, and 17:00 h). 
In the feeding frequency experiment, feed was offered 
at 10% body weight per day. The total feed offered was 
measured weekly during the refilling of the automatic 
feeders.
Each experiment was performed in nine 150 L 
circular tanks, in a salt-water recirculation system 
equipped with mechanical filtration, a skimmer, and 
water sterilization by UV lights. The circulation rate 
of the tanks was 200% (total water volume of the 
tanks was renewed twice a day). Before entering the 
system, all fish were kept in a freshwater bath for 5 
min (Kerber et al., 2011) to eliminate ectoparasites. 
Evaporative losses from the system were restored 
daily with deionized water. After the last feeding of 
the day, tank bottoms were cleaned by siphoning, in 
order to remove solid waste. Out of the total volume 
of the recirculation system 10% was replaced weekly, 
to eliminate components that were not retained, or 
eliminated, by the filtering system.
Each experiment lasted 60 days. Feed consumption 
(measured by the mass difference between feed supplied 
and leftovers at the end of feeding), and mortality rate 
were verified daily. In order to obtain the biometric 
data, fish of all treatments were anesthetized with 
benzocaine (0.05 g L-1), measured by an ictiometer, 
and weighed individually on a digital electronic scale 
(0.01 g precision), at the beginning of the trial period, 
and every 20 days until its end. Total length (cm), mass 
(g), and feed intake (g per day), as well as mortality 
rate, were calculated using the following performance 
parameters: survival (S, %); specific growth rate, SGR 
(% body weight per day) = 100 × (ln W2 - ln W1) Δt-1, in 
which W2 is the average final weight, W1 is the average 
initial weight, and Δt is the rearing period (days); body 
weight gain, BWG (g per day) = (W2 - W1) Δt-1; and 
feed conversion ratio, FCR = Cf / Df, in which Cf is the 
total amount of food consumed during the period, and 
Df is the weight gain during the experimental period. It 
should be noted that the final weight of each individual 
fish and final biomass – the final weight of the whole 
fish lot of each treatment – were used to evaluate 
the individual performance of fish and the support 
capacity of the system, respectively.
Temperature and dissolved oxygen in the water were 
monitored with the oximeter YSI 51 (Yellow Springs 
Instrument Company, Yellow Springs, OH, USA). Total 
ammonia was monitored by the colorimetric method 
with a Tetratest kit (Tetra Werke, Melle, Germany), 
and salinity, with an optical refractometer F3000 
(Bernauer Aquaculture, Blumenau, Brazil). Oxidation-
reduction potential and pH and were measured with 
ph/ORP Controller (PH-303) (Omega Engineering 
Inc., Taiwan). All parameters were measured daily in 
the sump linking the water outlet of the tanks.
The experiments were carried out in a completely 
randomized design, with three replicates. Parameters 
evaluated were subjected to the analysis of variance, 
and the means were compared by Tuckey’s test, at 
5% probability. The values expressed as survival 
percentage were transformed according to arcsen (x)0.5. 
Results and Discussion
Common snook was sensitive to the different 
feeding rates evaluated (Table 1). The lowest feeding 
rate (5%) resulted in the lowest specific growth rate 
and weight gain, as well as in highest feed conversion 
rate. In parallel, the highest feeding frequency resulted 
in the highest specific growth rate and weight gain, as 
well as in the lowest feed conversion rate.
The treatments did not influence the survival rates, 
which were considered high and showed the rusticity 
of common snook reared in salt-water recirculation 
systems. The use of a recirculation system with high-
water flow through the filtering system favored the 
maintenance of water quality. Values of temperature, 
dissolved oxygen, total ammonia, and salinity 
(Table 2) remained within the levels considered ideal for 
the cultivation of C. undecimalis, as reported by Ferraz 
& Cerqueira (2010), providing suitable conditions for 
fish to express their growth potential. The temperature 
of the water recirculation system was kept at 28°C. This 
temperature provides a better productive performance 
for other species of Centropomidae, as reported for fat 
snook Centropomus parallelus (Oliveira et al., 2013).
Another variable that can influence feeding rate and 
frequency is the fish density in tanks. Higher densities 
should prevent dominance hierarchy to occur, which 
would improve feed consumption by dominated fish 
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(Başçinar et al., 2007). Studies on common snook 
showed that the densities used did not allow of the 
expression of dominance hierarchies, enabling all fish 
to have access to adequate feed amounts.
In general, high-feeding rates would implicate 
inefficiency of the digestive metabolism and 
impairment of water quality, whereas low-feeding 
rates would increase competition for food, as well as 
a high-batch heterogeneity, resulting in low growth. 
Al Zahrani et al. (2013) studied the feeding rate 
for 2.1 g juveniles of Asian grouper Epinephelus 
polyphekadion, and observed that the specific growth 
rate was higher in treatments that used higher feed 
rates. In the present study, common snook showed no 
significant differences for final weight, weight gain, 
specific growth rate, and feed conversion at 10 to 15% 
rates; however, both differed at 5% rate (Table 1).
Specific growth rate, feed conversion, and feeding 
rate interacted significantly. As the feeding rate 
increased, the specific growth rate rose to a certain 
point, and then began to decline (Figure 1). The 
opposite was observed for feeding conversion ratio, 
which decreased until feeding rate of 10% was reached, 
and increased subsequently. These observations 
corroborate the results from Luo et al. (2006), in an 
experiment with 10 g Asian groupers Epinephelus 
coioides fed different feeding rates. The authors 
observed significant changes in the performance, in 
which higher rates were more effective for increasing 
the specific growth rate that varied from 0.06 to 1.44. 
Feed conversion rate ranged from 1.31 to 3.08, and it 
was more efficient at intermediate rates. Cunha et al. 
(2013) evaluated the effect of different feeding rates 
(4, 8, 12, 16, and 20% body weight per day) on the 
individual performance of 4.8 g juvenile pompano 
[Trachinotus marginatus (Cuvier, 1832)]. The authors 
concluded that lowest rate (4%) provided the worst 
growth and increased the aggressive behavior of 
fish. Moreover, a 4% feeding rate was not suitable 
for fish to meet their basic energy needs, and to 
express their growth potential, and the 8% feeding 
rate was the most suitable for this species. Opposite 
to these results, Barbosa et al. (2011) observed that 
feed conversion reduced when feeding rates were 
increased for fat snook. The authors concluded that 
the low-food conversion of fish fed 6% body weight 
per day was caused by feed leftovers, probably 
because feeding was above the intake capacity and 
satiety of juveniles of such species, as leftovers were 
not observed in the tanks that received 3% body 
weight per day. Our results evidenced the importance 
of establishing a feeding rate suitable for the fish 
weight range evaluated, in order to allow of a greater-
performance efficiency due to lower-feed conversion. 
Most studies used low-feeding frequencies, and 
feed was supplied manually, ranging from one to 
four meals a day (García-Galano et al., 2003; Canton 
et al., 2007; Tsuzuki & Berestinas, 2008). The use 
of automatic feeders enhances the possibility of 
fractioning the feed supply, which allows of the 
offering of feed at regular intervals throughout the 
day, and allows of a reduced interference of the 
handler in the process (Zhou et al., 2003; Sousa et 
al., 2012). Farmed fish are usually fed once or twice 
a day, due to workforce costs (Sanches et al., 2014b). 
Currently, food handling to young common snook 
Table 1. Mean±standard deviation of productive performance parameters of common snook (Centropomus undecimalis) 
subjected to different feeding rates and feeding frequecies(1).
Parameter Feeding rate (body weight per day) Feeding frequency
5% 10% 15% Once a day Three times a day Six times a day
Final length (cm)      6.9±0.9b   7.6±0.9a      7.7±1.1a     5.5±0.7b     5.7±0.9b  6.2±1.0a
Final weight (g)      2.81±0.87b   3.43±1.22a     3.55±1.51a     1.43±0.52b      1.71±0.77b   2.11±0.93a
Final biomass (g)     47.71±4.07b 61.79±1.05a   60.39±8.38a   26.75±2.72b   31.84±9.39b 40.13±6.46a
Survival (%) 85.0±8.7      90.0±0.0 85.0±5.0 93.3±7.6 93.3±5.8         95.0±0.0
SGR (% body weight per day)      0.83±0.06b   1.16±0.10a     1.22±0.13a     0.31±0.03c     0.60±0.08b  0.95±0.11a
Body weight gain (g per day)      0.018±0.004b  0.029±0.007a      0.031±0.008a     0.004±0.001b     0.009±0.003b   0.015±0.006a
Feed conversion rate     1.5±0.1a   1.1±0.1b     1.2±0.1b     1.1±0.1b     1.2±0.1b   1.5±0.1a
(1)Means followed by equal letters in the row, for feeding rate or feeding frequency, do not differ by Tukey’s test, at 5% probability. SGR, specific growth 
rate. Final weight (FW) is the FW of each fish. Final biomass is the FW of the whole fish lot of each treatment.
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consists of providing feed twice or three times a day 
(Tsuzuki & Berestinas, 2008). Attempts to increase 
the feeding frequency face significantly higher 
costs of workforce (Lawrence et al., 2012). Feeding 
mechanization can be an alternative in this respect, 
since the use of automatic feeders allows of higher-
feeding frequencies, without aggregating labor costs 
(Sousa et al., 2012).
Many studies, however, did not obtain significant 
differences between the feeding frequencies 
evaluated, probably because feeding rates were not 
strictly established, and feed was offered by hand 
until apparent satiety of fish, which is a subjective 
parameter determined by the keeper (García-Galano et 
al., 2003; Başçinar et al., 2007; Aydin et al., 2011). More 
recently, Sousa et al. (2012), using automatic feeders 
and a feeding rate at 7% body weight per day, proved 
that increased feed frequencies implicate greater-
weight gain, reduction of fish variation coefficient, 
and reduction of feed conversion rate. The optimal 
feeding rate for common snook, observed by Sousa et 
al. (2012), was 10% of body weight per day.
Our results showed that a feeding frequency of six 
times a day was more suitable than the other analyzed 
frequencies, in optimizing the productive performance 
of common snook (Figure 2). This frequency led to 
higher values of final weight, final biomass, specific 
growth rate, and weight gain. Studies conducted with 
other fish species have shown that food consumption 
and weight gain increase with higher-feeding 
frequencies (Başçinar et al., 2007; Kasiri et al., 2011). 
Zhou et al. (2003) evaluated five feeding frequencies 
(2, 3, 4, 12, and 24 times per day), for goldfish, 
Carassius auratus gibelio, and reported better 
results of productive performance at the frequency 
of 24 times a day. Cho et al. (2003), working with 
Plecoglossus altivelis, provided feed ad libitum at six 
feeding frequencies (once every 2 days, and 1, 2, 3, 4, 
Table 2. Variables of water quality during the experimental 
period of 60 days.
Variable Mean±SD
Temperature (ºC) 27.6±0.8
Salinity 31.5±2.7
Dissolved oxygen (g L-1) 6.8±0.7
Saturation (%) 99.2±1.3
Total ammonia (mg L-1) 0.1±0.1
pH 8.1±0.5
Oxidation-reduction potential (µS cm-1) 268.5±9.1
Figure 1. Specific growth rate (black dots) and feed 
conversion rates (green dots) as influenced by feeding rates 
for common snook (Centropomus undecimalis). Means 
followed by equal letters do not differ by Tukey’s test, at 
5% probability.
Figure 2. Specific growth (black dots) and feed conversion 
rates (green dots) as influenced by feeding frequencies 
for common snook (Centropomus undecimalis). Means 
followed by equal letters do not differ by Tukey’s test, at 
5% probability. 
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and 6 times a day) and, similarly to the present work, 
greater-weight gains were obtained at higher-feeding 
frequencies. Canton et al. (2007) studied feeding 
frequencies (1, 2, 3, and 4 times a day) with Rhamdia 
quelen (7.47 g), and observed that fish fed four times a 
day gained almost twice as much weight, and showed 
higher-specific growth rate than those fed only once 
a day.
Lower-feeding frequencies can restrict consumption 
of the total food supplied due to the capacity of the 
digestive tract, causing low-productive performance 
(Marques et al., 2008). Therefore, high-feeding 
frequencies can provide greater benefits. Sousa et 
al. (2012) evaluated the use of automatic feeders at 
high-feeding frequencies (12 and 24 times a day) for 
Nile tilapia Oreochromis niloticus. According to the 
authors, the 24-times-a-day frequency resulted in 
greater-weight gain and in the saving of more than 
360 kg feed, for each ton of fish produced. This 
represented an effective reduction of production costs 
and a significant reduction in the release of effluents.
Specific growth and feed conversion rates were 
directly augmented with the increased feeding 
frequencies. These results concur with those obtained 
by Başçinar et al. (2007), who observed that the 
lower the frequency, the better the feed conversion; 
and that the higher the feeding frequency, the better 
the fish growth. No references were found whether 
this relationship would continue, if frequencies were 
significantly increased (over 12 times a day).
Higher-feeding frequencies for common snook 
resulted in worse results of feed conversion. Several 
studies have shown that higher-feeding frequencies 
result in the worsening of food conversion (Jeong et 
al., 2003; Kasiri et al., 2011; Cunha et al., 2013). Sousa 
et al. (2012), however, showed that an exceedingly 
high-food frequency (24 times a day) might result in 
reduced feed conversion. Conversely, García-Galano et 
al. (2003) concluded that at lower-feeding frequencies 
(1, 2, and 3 times a day), the feed conversion was not 
affected. These authors used feeding until apparent 
satiety, instead of a fixed feeding frequency, which 
may have influenced the results of feed conversion. It 
is worth noting, however, that food consumption at this 
stage is very small because of fish low weight (28.9 
g in common snook) and, therefore, it may be more 
interesting to obtain a rapid growth, even with higher 
feed conversion rates.
Some species can benefit from the reduction of 
feeding frequency due to their physiological and 
metabolic characteristics. Thia-Eng & Seng-Keh 
(1978) showed that a decreased feeding frequency 
favored the growth of the Asian grouper, Epinephelus 
tauvina, which obtained the most efficient result 
when feed was supplied once every other day. For the 
Atlantic codfish Gadus morhua, no differences were 
found to weight gain and feed conversion, when fish 
were subjected to once-a-day and once-every-other-
day feeding frequencies (Rosenlund et al., 2004). 
Similar results were obtained for 4.1 g common snook 
juveniles by Tsuzuki & Berestinas (2008), who did 
not observe significant differences for weight gain, 
specific growth rate (0.9 to 1.3), and feed conversion 
(1.3 to 1.6) due to feeding frequencies (once and twice 
a day). Growth performance of juvenile cobia, cultured 
in near-shore cages, can be optimized with twice-a-
day feeding frequency, which would also facilitate 
husbandry procedures and minimize costs related to 
labor and vessel utilization (Moreira et al., 2015). In 
all these studies, fish were fed until apparent satiety. 
Corrêa et al. (2010) observed that feeding frequencies 
(1, 2, and 4 times a day) did not influence fat snook 
weight gain, specific growth rate (1.3 to 1.6), and feed 
conversion (4.8 to 5.9), in fresh water. These results are 
possibly related to the fact that the feeding rate at 6% 
body weight a day was adopted, which is considered 
very low for fish in this weight range (0.6 g). In contrast 
to these studies, we observed that the use of a higher-
feeding frequency (6 times a day) provided the best 
results for common snook. 
It is important to highlight that many studies 
distribute the feeding frequencies within a very narrow 
period (from 8:00 to 17:00, for instance), leaving a 
significant portion of the day without food supply, 
which could hinder fish performance. However, 
Henken et al. (1985) showed that consumption of large 
food amounts, in short intervals of time, lessens the 
digestive efficiency.
Feeding management involves an intense use of 
workforce, leading to high costs of fish production. 
Besides, it implies a limitation of supply related to 
the size of the production units and workforce, which 
restricts the adoption of higher-feeding frequencies. 
Therefore, the adoption of automatic feeders, 
could optimize the use of workforce and enable the 
implementation of higher-feeding frequencies, which 
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can promote the productive performance of fish, with 
a greater efficiency of feed supply and lesser effluent 
discharge to the environment.
Conclusion
The feeding rate of 10% body weight per day, at a 
feeding frequency of six times a day, promotes the best 
productive performance of common snook juveniles.
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